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(54) Flexible microsurgical instrument with rotatable clevis 



(57) The instrument includes a flexible coil (14), a 
flexible pull wire (16) extending through the coil (14), a 
clevis (40) which is rotatably coupled to the distal end 
of the coil (14), a handle (12) coupled to the proximal 
end of the coil (14), and end effectors (18) coupled to 
the clevis (40) and the pull wire (16). The clevis (40) is 
coupled to the distal end of the flexible coil (14) by a 
bushing (60) which allows axial rotation of the clevis (40) 
relative to the coil (14). The pull wire (1 6) is formed from 



torsionally obdurate material and is coupled at its distal 
end to the end effector (1 8) and at its proximal end to a 
movable part of the handle (12). The handle (12) is pro- 
vided with mechanism for rotating the pull wire (16) rel- 
ative to the coil (14) and a mechanism for translating the 
pull wire (1 6) relative to the coil (14). Translation of the 
pull wire (16) relative to the coil (14) moves the end ef- 
fector (18) relative to the clevis (40) and rotation of the 
pull wire (16) relative to the coil (14) rotates the clevis 
(40) and end effector (18) relative to the coil (14). 
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Description 

TECHNICAL FIELD 

[0001] This invention relates to microsurgical instru- 
ments. More particularly, the present invention relates 
to microsurgical instruments having end effectors 
mounted on a clevis coupled to an actuation means by 
a flexible coil where the clevis is rotatable relative to the 
flexible coil. 

BACKGROUND ART 

[0002] Most microsurgical instruments used in lapar- 
oscopic and endoscopic procedures include a pair of 
end effectors (cutters, dissectors . extractors, or the like) 
which are mounted on a clevis, where the clevis is cou- 
pled to the distal end of a tube. Proximal ends of the end 
effectors are often coupled to a push rod which extends 
through the tube. A handle with an actuation means cou- 
pled to the proximal ends of the tube and the push rod 
is typically used to allow the practitioner to move the 
push rod relative to the tube, thereby opening and clos- 
ing the end effectors. In some microsurgical instru- 
ments, the tube and push rod are rigid members, such 
as in parent application Serial Number 07/989,984. In 
other instruments, the "tube" is a long flexible coil and 
the "push rod" is one or more flexible wires such as in 
parent application Serial Number 08/042,606. 
[0003] Instruments utilizing a rigid tube and push rod 
are typically relatively short and are introduced into the 
body through a trocar tube. The practitioner views the 
surgical site through an optical device which is inserted 
in another trocar tube and "steers" the end effectors to 
the surgical site by angling the handle of the rigid instru- 
ment, and thereby angling the entire instrument. Parent 
application Serial Number 07/989,984 discloses means 
for rotating the end effectors by rotating the rigid tube 
relative to the handle. This permits the practitioner to 
adjust the rotational position of the end effectors without 
changing the rotational position of the handle. 
[0004] Instruments utilizing a' flexible coil and pull wire 
(s) are typically relatively long and are introduced into 
the body through the narrow lumen of an endoscope. 
The practitioner views the surgical site through the en- 
doscope and inserts the long flexible coil of the instru- 
mentthrough the narrow lumen of the endoscope so that 
the end effectors extend beyond the distal end of the 
endoscope. Since the flexible coil cannot be steered : the 
practitioner steers the end effectors to the surgical site 
by steering the endoscope. The endoscope is typically 
relatively long and often follows a tortuous path to the 
surgical site. Although the endoscope can be steered, 
its tortuous path makes it impossible to rotate. Moreo- 
ver, because the flexible coil of the surgical instrument 
is, by nature, torsionally resilient, any attempt to rotate 
the end effectors by rotating the coil will at best result in 
a jerking movement of the end effectors. At worst, the 
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coil will deform without effecting any rotation of the end 
effectors at all. 

DISCLOSURE OF INVENTION 

[0005] It is therefore an object of the invention to pro- 
vide a microsurgical instrument having a pair of distal 
end effectors coupled to a proximal handle by a flexible 
coil where the end effectors are rotatable. 
[0006] It is also an object of the invention to provide 
a microsurgical instrument having a clevis arrangement 
at the distal end of a flexible coil where the clevis is ro- 
tatable relative to the coil. 

[0007] It is another object of the invention to provide 
a pull wire for coupling an end effector mounted at the 
distal end of a flexible coil to a proximal actuation means 
where the pull wire is torsionally rigid but otherwise flex- 
ible. 

[0008] It is still another object of the invention to pro- 
vide a handle for a microsurgical instrument having a 
pair of distal end effectors coupled to the handle by a 
flexible coil and a pull wire where the handle is provided 
with manual means for rotating the end effectors. 
[0009] It is still another object of the invention to pro- 
vide a handle for a microsurgical instrument having a 
pair of distal end effectors coupled to the handle by a 
flexible coil and a pull wire where the handle is provided 
with means for rotating the pull wire relative to the coil. 
[0010] In accord with these objects which will be dis- 
cussed in detail below, the steerable flexible microsur- 
gical instrument of the present invention broadly in- 
cludes a flexible coil, a handle coupled to the proximal 
end of the flexible coil, a flexible but torsionally obdurate 
pull wire extending through the flexible coil, a clevis 
which is rotatably coupled to the distal end of the coil, 
and at least one end effector mounted on the clevis. The 
clevis is coupled to the distal end of the flexible coil by 
a bushing which allows rotation of the clevis relative to 
the coil about a longitudinal axis. The pull wire is formed 
from torsionally obdurate material and is coupled at its 
distal end to the end effector and at its proximal end to 
a movable part of the handle. The handle is provided 
with means for rotating the pull wire relative to the coil 
and means for translating the pull wire relative to the 
coil. Translation of the pull wire relative to the coil moves 
the end effector relative to the clevis and rotation of the 
pull wire relative to the coil rotates the clevis and end 
effector relative to the coil. 

[0011] According to one embodiment of the invention, 
the handle includes a central shaft with a longitudinal 
slot about which a displaceable spool with a cross pin 
is disposed. The central shaft has a thumb ring on its 
proximal end and longitudinal bore extending from its 
distal end into the distal end of the slot. The proximal 
end of the coil extends into the bore on the distal end of 
the central shaft and is held there by a bushing which 
allows the central shaft to rotate axially relative to the 
coil. The pull wire extends through the bore into the slot 
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where it is coupled to the cross pin of the displaceable 
spool. Longitudinal movement of the spool causes 
translational movement of the pull wire relative to the 
coil. Rotational movement of the spool and central shaft 
causes rotation of the pull wire relative to the coil. A pre- 5 
ferred aspect of this embodiment is to provide the thumb 
ring with a rotational joint so that the central shaft is ro- 
tatable relative to the thumb ring. 
[0012] According to another embodiment of the inven- 
tion, a lever arm is pivotally engaged to the handle. The 
proximal end of the flexible coil is fixedly coupled to the 
handle and the proximal end of the pull wire is coupled 
to the lever arm by a rotational engagement member. 
The rotational engagement member is preferably a 
knurled disk where the pull wire is fixedly coupled to the 
disk, and the disk is rotationally coupled in a socket of 
the lever arm . At least a portion of the surface of the disk 
is exposed by the socket so that the disk may be rotated 
by the practitioner's finger or thumb. 
[0013] In either of these two embodiments, a variety 
of different end effectors may be used including cutters, 
grippers, forceps and the like. The end effectors may be 
single acting or double acting and may be coupled to 
the handle via a single pull wire or multiple pull wires. 
[0014] Preferred aspects of the rotatable clevis ar- 
rangement include providing the clevis bushing with a 
stepped inner diameter and providing the clevis with a 
cylindrical stem. The cylindrical stem, of the clevis is fit- 
ted into the smaller inner diameter portion of the clevis 
bushing and flared at its proximal end to attach the clevis 
to the bushing. The larger inner diameter portion of the 
clevis bushing is fixed to the distal end of the coil by 
crimping, welding or soldering. The rotational coupling 
of the clevis and the clevis bushing may be enhanced 
by the use of friction reducing bearings (e.g. ball bear- 
ings or needle bearings) between the clevis stem and 
the smaller inner diameter portion of the clevis bushing. 
Alternatively, the clevis stem and/or the smaller inner di- 
ameter portion of the clevis bushing may be coated with 
TEFLON or provided with a TEFLON sleeve. 
[0015] Additional objects and advantages of the in- 
vention will become apparent to those skilled in the art 
upon reference to the detailed description taken in con- 
junction with the provided figures. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] 

Figure 1 is a side elevation view in partial longitudi- 
nal section of a first embodiment of the proximal end 
of the microsurgical instrument of the invention; 
Figure 2 is a side elevation view in partial longitudi- 
nal section of a second embodiment of the proximal 
end of the microsurgical instrument of the invention; 
Figure 3 is a side elevation view in partial longitudi- 
nal section of the distal end of a first embodiment 
of the microsurgical instrument of the invention; 



Figure 4 is a top view of the clevis assembly and 
coil of Figure 3; 

Figure 5 is an exploded top view of the clevis as- 
sembly and coil of Figure 4; 

Figure 6 is an enlarged top view of a second em- 
bodiment of the clevis assembly; 
Figure 7 is an enlarged top view of another embod- 
iment of the clevis bushing; 

Figure 8 is a cross sectional view along line 8-8 of 
Figure 7; 

Figure 9 is an enlarged top view of another embod- 
iment of the clevis assembly; 
Figure 10 is an enlarged top view of another em- 
bodiment of the clevis; 

Figure 11 is a cross sectional view along line 11-11 
of Figure 10; 

Figure 12 is a view similar to Figure 3 showing a 
double acting biopsy forceps according to a second 
embodiment of the invention; 

Figure 13 is an enlarged side elevation view of a 
first alternate embodiment of pull wires for use with 
a double acting end effector; 

Figure 14 is an enlarged side elevation view of a 
second alternate embodiment of pull wires for use 
with a single acting end effector; 
Figure 15 is a side elevation view in partial longitu- 
dinal section of another embodiment of the micro- 
surgical instrument of the invention; and 
Figure 1 6 is a top view of a portion of the lever arm 
of Figure 15 showing the rotational engagement of 
the pull wire with the lever arm. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0017] A first embodiment of the microsurgical instru- 
ment 10 of the invention is shown in Figures 1 and 3. 
The instrument 10 includes a proximal handle 12, aflex- 
ible member 14 such as a coil which is coupled at its 
proximal end to the handle 12, a flexible pull wire 16 
which extends through the flexible member or coil 14, 
distal end effectors 18 which are coupled to the distal 
end of the pull wire 16, and a rotatable clevis assembly 
20 which is coupled to the distal end of the coil 14. 
[0018] The proximal handle 12 of the instrument 10 
has a central shaft 22 and a displaceable spool 24. A 
thumb ring 26 is optionally rotatably coupled to the prox- 
imal end 27 of the central shaft 22 and a longitudinal 
bore 28 is provided at the distal end of the shaft 22. A 
longitudinal slot 30 extends from the proximal end of 
bore 28 to a point distal of the thumb ring 26. The dis- 
placeable spool 24 is provided with a cross pin 32 which 
passes through the slot 30 in the central shaft 22. The 
cross pin 32 is provided with a set screw 34 for engaging 
the proximal end of the pull wire 16. 
[0019] In accord with a preferred aspect of the inven- 
tion, the proximal end of the coil 14 is mounted in a 
stepped longitudinal bore 28 so that the central shaft 22 
is axially rotatable relative to the coil 14. According to a 
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first embodiment as seen in Figure 1 , rotational mount- 
ing is preferably obtained by providing a bushing 35a 
which is mounted in a recess 36a in the bore 28 and 
which receives the proximal end of the coil 14. The bush- 
ing 35a is provided as a frustroconical member 37a 5 
which is resiliently deformed as it is pushed into the dis- 
tal end of the bore 28, and which expands into the recess 
36a and is held therein. Of course, if desired, instead of 
providing a resilient frustroconical member37a, the cen- 
tral shaft 22 may be formed as a two piece unit, and 
snapped together, or otherwise joined around the coil 
1 4 and bushing 35a. Alternatively, and as seen in Figure 
2, a cylindrical body 35b is fixedly mounted at the prox- 
imal end of the coil 1 4 and a sleeve 37b is located distally 
of the body 35b. The outer diameter of the cylindrical 
body 35b is larger than the inner diameter of the sleeve 
37b. The sleeve 37b is fixedly mounted in the bore 28 
by gluing, sonic welding, or the like. The coil 14 is free 
to rotate within the sleeve 37b and the cylindrical body 
is free to rotate within the bore 28. The coil 14 is, nev- 
ertheless, coupled to the shaft 22 because the cylindri- 
cal body 35b prevents the coil 14 from being removed 
from the sleeve 37b. Regardless, from the foregoing, 
those skilled in the art will appreciate that rotation of the 
central shaft 22 relative to the coil 14 results in a corre- 
sponding rotation of the displaceable spool 24 and vice 
versa because of the engagement of the cross pin 32 
and the longitudinal slot 30. Moreover, rotation of the 
central shaft 22 or the displaceable spool 24 relative to 
the coil 14 results in a rotation of the-pull wire 1 6 relative 
to the coil 14 because the pull wire 16 is fixed in the 
spool 24. In accord with the preferred embodiment of 
the invention, the flexible pull wire 1 6 is formed as a tor- 
sional^ rigid member, preferably from drawn, round, 
straightened 304V (vacuum melted) stainless steel. 
[0020] Turning now to Figures 3, 4, and 5, it is seen 
that the distal end of the coil 14 is coupled to the rotat- 
able clevis assembly 20. The clevis assembly 20 in- 
cludes a clevis 40 and a clevis bushing 60. Clevis 40 
has a pair of clevis arms 42, 44, each of which is pro- 
vided with an axle hole 46, 48 for receiving a clevis axle 
50 upon which the end effectors 18 are mounted in a 
conventional manner. A cylindrical stem 52 with a 
throughbore 54 is provided at the proximal end of the 
clevis 40. The throughbore 54 communicates with the 
space between the clevis arms 42, 44 and receives the 
distal end of the pull wire 16 as seen best in Figure 3. 
The clevis bushing 60 is provided with a stepped 
throughbore 62, 64. In particular, the proximal portion 
62 of the throughbore has a larger inner diameter than 
the. distal, portion 64 of the throughbore, thus creating 
an annular step 63 in a central part of the bushing 60. 
The inner diameter of the distal portion 64 of the bushing 
throughbore is sized to receive the cylindrical stem 52 
of the clevis 40. According to a preferred embodiment, 
the cylindrical stem 52 of the clevis 40 and the distal 
portion 64 of the bushing throughbore are also sized 
such that the proximal end 53 of the stem 52 extends 
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beyond the annular step 63 when the clevis and bushing 
are connected as shown in Figures 3 and 4. Further, ac- 
cording to the preferred embodiment, the proximal end 
53 of 'the cylindrical stem 52 is flared afterthe clevis and 
bushing are connected so that the clevis stem is held 
rotatably within the bushing. The flaring may be accom- 
plished by inserting a conical tool into the proximal end 
53 of the cylindrical stem 52 or by other techniques. Re- 
gardless, after the clevis and clevis bushing are so as- 
sembled, the proximal portion 62 of the throughbore of 
the clevis bushing 60 is attached to the distal end of the 
coil 14 by crimping, welding or soldering. 
[0021] Turning now to Figures 6 through 8, according 
to the invention, some type of friction reducing means 
preferably is provided between the clevis 40 and the cle- 
vis bushing 60. Figure 6 shows a TEFLON sleeve 59 
which has an inner diameterslightly largerthan the outer 
diameter of the cylindrical stem 52 of the clevis 40 and 
an outer diameter slightly smaller than the inner diame- 
ter of the distal portion 64 of the clevis bushing through- 
bore. The length of the sleeve 59 is slightly shorterthan 
the length of the distal portion 64 of the clevis bushing 
throughbore. Those skilled in the art will thus appreciate 
that the TEFLON sleeve 59 is dimensioned to fit over 
the cylindrical stem 52 of the clevis 40 before the clevis 
is attached to the clevis bushing and to thereby provide 
a lubricious interface between the clevis and the clevis 
bushing to facilitate their rotational engagement. 
[0022] Figures 7 and 8 show an alternate embodiment 
of a clevis bushing 160 having a stepped throughbore 
162, 164 where the proximal portion 162 of the through- 
bore has a larger inner diameter than the distal portion 
164 of the throughbore, thus creating an annular step 
163 in a central part of the bushing 160. According to 
this embodiment, the distal portion 164 of the clevis 
bushing throughbore is formed as a race containing a 
number of radially disposed roller bearings 165. When 
the clevis 40 is connected to the clevis bushing 1 60, the 
cylindrical stem 52 of the clevis is engaged by the roller 
bearings 165 thereby enhancing the rotational engage- 
ment of the clevis and the clevis bushing. 
[0023] Figure 9 shows an alternate embodiment of a 
rotatable clevis assembly 220. The clevis assembly 220 
includes a clevis 240 and a clevis bushing 260. Clevis 
240 has a pair of clevis arms 242, 244, each of which is 
provided with an axle hole 246, 248 for receiving a clevis 
axle 50 (Figures 4 and 5) upon which the end effectors 
are mounted in a conventional manner. A throughbore 
264 having a distal annular step 264a communicates 
with the space between the clevis arms 242, 244 and 
provides passage for the pull wire. The clevis bushing 
260 is provided with a stepped throughbore 262, 254. 
In particular, the proximal portion 262 of the throughbore 
has a larger inner diameter than the distal portion 254 
of the throughbore, thus creating an annular step 263 in 
a central part of the bushing 260. A cylindrical stem 252 
is provided at the distal end of the bushing 260. The in- 
ner diameter of the clevis throughbore 264 is sized to 
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receive the cylindrical stem 252 of the bushing 260. 
Preferably, the cylindrical stem 252 of the bushing 260 
and the clevis throughbore 264 are also sized such that 
the distal end 253 of the stem 252 extends beyond the 
annular step 264a when the clevis and bushing are con- 
nected. Further, the distal end 253 of the cylindrical stem 
252 is flared after the clevis and bushing are connected 
so that the bushing stem is held rotatably within the cle- 
vis throughbore. The flaring may be accomplished by 
inserting a conical tool into the space between the clevis 
arms 242, 244 or by othertechniques. Regardless, after 
the clevis and clevis bushing are so assembled, the 
proximal portion 262 of the throughbore of the clevis 
bushing 260 is attached to the distal end of the coil or 
flexible member 14 by crimping, welding or soldering. 
[0024] As described above with reference to Figures 
6 - 8, some type of friction reducing means preferably is 
provided between the clevis 240 and the clevis bushing 
260. Figure 9 shows a TEFLON sleeve 59 which has an 
inner diameter sixghtly larger than the outer diameter of 
the cylindrical stem 252 of the bushing 240 and an outer 
diameter slightly smaller than the inner diameter of the 
clevis throughbore 264. The length of the sleeve 59 is 
slightly shorter than the length of the clevis throughbore. 
Those skilled in the art will thus appreciate that the TE- 
FLON sleeve 59 is dimensioned to fit over the cylindrical 
stem 252 of bushing 260 before the clevis is attached 
to the clevis bushing and to thereby provide a lubricious 
interface between the clevis and the clevis bushing to 
facilitate their rotational engagement. 
[0025] Figures 10 and 11 show an alternate embodi- 
ment of a clevis 340 having a stepped throughbore 364, 
364a. According to this embodiment, the proximal por- 
tion of the throughbore 364 is formed as a race contain- 
ing a number of radially disposed roller bearings 365. 
When the clevis 340 is connected to the clevis bushing 
260, the cylindrical stem 252 of the bushing 260 is en- 
gaged by the roller bearings 365 thereby enhancing the 
rotational engagement of the clevis and the clevis bush- 
ing. 

[0026] Returning to Fig. 3, it is seen that the end ef- 
fectors 1 8 in the embodiment of Figure 3 comprise a sin- 
gle acting scissors having a stationary cutting blade 70 
and a movable cutting blade 72. Both of the blades 70 
and 72 are mounted between the clevis arms 42, 44 in 
a conventional manner. The proximal end of the mova- 
ble cutting blade 72 is provided with a tang 74 having a 
hole 76 for attachment to the distal end of the pull wire 
16. As described more fully in parent application Serial 
Number 08/042,606, the pull wire 1 6 is typically provid- 
ed with a "jogged" distal end which engages the hole 76 
in the tang 74 of the movable cutting blade 72. 
[0027] Referring now to Figures 1 and 3, those skilled 
in the art will appreciate that translational movement of 
the spool 24 relative to the central shaft 22 on the handle 
12 in the directions indicated by the arrows "O", will re- 
sult in a translational movement of the pull wire 16 rel- 
ative to the coil 14. This in turn results in a movement 
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of the movable cutting blade 72 about the clevis axle 50 
in the directions indicated by the arrows "P" to thereby 
effect a cutting action between the blades 70 ; 72. More- 
over, in accord with the invention, it will be appreciated 

5 from the foregoing description that rotation of the central 
shaft 22 and the spool 24 relative to the coil 14 in the 
directions indicated by the arrows "Q" will result in a ro- 
tation of the pull wire 1 6 relative to the coil 1 4 as shown 
by the arrows "R". This results in a rotation of the clevis 

10 40 (240, 340) relative to the clevis bushing 60 (1 60, 260) 
in the directions indicated by the arrows "S". It will also 
be appreciated that such a rotation of the clevis 40 (240, 
340) relative to the clevis bushing 60 (160, 260) results 
in a rotation of the end effectors 1 8 relative to the coil 14. 

is [0028] In order to operate the instrument of the inven- 
tion, the practitioner inserts a thumb through the thumb 
ring 26 of the handle 12 and grasps the spool 24 be- 
tween the index and middle finger. Translational move- 
ment of the pull wire is effected by squeezing the thumb 

20 ring and spool like a hypodermic needle. The preferred 
rotational coupling of the thumb ring 26 with the central 
shaft 22 allows the practitioner to rotate the spool with- 
out removing the thumb from the thumb ring. Alterna- 
tively, the practitioner may hold the thumb ring 26 in the 

25 palm of the hand with the middle, fourth and fifth fingers, 
while the thumb and index finger are used to rotate the 
spool 24. 

[0029] As mentioned above, the present invention is 
not limited to use with any particular type of end effec- 

30 tors. As shown in Figure 12, for example, a double acting 
biopsy forceps including a pair of jaws 80, 82 may be 
provided on the clevis 40. When double acting end ef- 
fectors are used, an additional pull wire 17, preferably 
attached to pull wire 1 6, may be provided within the coil 

35 1 4. Alternatively, a single pull wire may be used and split 
into two coupling elements or attached to a Y-adapter 
which are known in the art. 

[0030] An alternate embodiment of the pull wires 16, 
17 is shown in Figure 13 where a pair of filaments 116 

40 and 1 1 7 are soldered or welded together at their proxi- 
mal ends 116a, 117a and twisted to form a single pull 
wire having a pair of wound filaments. The separate dis- 
tal ends 116b, 117b of the filaments are respectively 
coupled to the tangs of double acting end effectors. 

45 Those skilled in the art will appreciate that this embod- 
iment of a pull wire having wound filaments has the char- 
acteristic that it is torsionally obdurate in one direction 
only. For example, as shown in Figure 13, the wound 
filaments 116, 117 are held tightly together when their 

50 proximal ends 1 1 6a, 1 1 7a rotated in the direction "T" and 
such rotation will result in a corresponding rotation at 
their distal ends 116b, 117b. Rotation of the proximal 
ends of the wound filaments in an opposite direction, 
however, will unwind the filaments prior to effecting any 

55 rotation at their distal ends. 

[0031] It will be appreciated, that if desired, the "one- 
way" rotation characteristic obtained by the twisted pull 
W j re embodiment of Fig. 13 can be used in conjunction 
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with a single acting end effector. Alternatively, and as 
shown in Figure 14, a two filament 216, 217 pull wire 
similar to the pull wire shown in Figure 13 can be used 
where the proximal ends 21 6a, 21 7a of the filaments are 
soldered or welded and the distal ends 216b 5 217b of 
the filaments are also soldered or welded. It will be ap- 
preciated that with a single acting end effector, the distal 
ends 216b, 217b are soldered or welded as there is no 
need to provide two coupling ends of the pull wire. 
[0032] Another embodiment 80 of the microsurgical 
instrument is seen in Figures 15 and 1 6 and includes a 
flexible coil 14, a flexible pull wire 16 extending through 
the coil 14, distal end effectors 18 coupled to the pull 
wire 1 6, a rotatable clevis assembly 20 which is coupled 
to the distal end of the coil 14, and a proximal actuation 
assembly 82. In this embodiment, the proximal actua- 
tion assembly 82 has a stationary handle portion 84 
which is provided with finger recesses B6, two of which 
are covered by a finger ring 85, and a throughbore 88 
for receiving the coil 1 4 and pull wire 1 6. A lever arm 90 
having a thumb ring 92 is pivotally attached to the sta- 
tionary handle 84 by a pivot axle 94. The lever arm 90 
has a bore 96 which is substantially coaxial with the bore 
88 in the stationary handle and a slot 98 which is sub- 
stantially orthogonal to the bore 96. The slot 98 is fitted 
with a knurled disk 1 00 having a pull wire receiving bore 
1 02 and a set screw 1 04. 

[0033] The proximal end of the coil 14 is mounted 
within the throughbore 88 of the stationary handle 84 by 
crimping, soldering, pressure fit or other suitable meth- 
od. The proximal end of the pull wire 1 6 is inserted into 
the bore 1 02 of the disk 1 00 and held in place by the set 
screw 104. Those skilled in the art will appreciate that 
the pull wire 16 is therefore rotatable relative to the ac- 
tuation assembly 82 by rotation of the knurled disk 1 00 
inside the slot 98 in the lever arm 90. It will also be ap- 
preciated that movement of the lever arm 90 relative to 
the stationary handle 84 will cause a translational move- 
ment of the pull wire relative to the coil to open and close 
the end effectors 18. It will further be appreciated that, 
while the coil 1 4 and pull wire 1 6 are preferably flexible, 
a more rigid tube and rod such as are described in the 
previously referenced Serial No. 07/989.984 may be 
used in lieu thereof. When a more rigid control member 
is used in place of pull wire 16, the coupling to the 
knurled disk at the proximal end is preferably accom- 
plished by a ball and socket arrangement. 
[0034] In operation, the practitioner holds the actua- 
tion assembly 82 with fingers wrapped around the re- 
cesses 86 and with the thumb inserted in the thumb ring 
92. The index finger is free to rotate the disk 1 00 which 
effects a rotation of the pull wire 1 6 and thus a rotation 
of the clevis 40 and end effectors 1 8 as described above 
with reference to the first embodiment of the invention. 
[0035] There have been described and illustrated 
herein several embodiments of a steerable flexible 
microsurgical instrument with a rotatable clevis. While 
particular embodiments of the invention have been de- 
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scribed, it is not intended that the invention be limited 
thereto, as it is intended that the invention be as broad 
in scope as the art will allow and that the specification 
be .read likewise. Thus, while particular end effectors 
5 have been disclosed, it will be appreciated that other sin- 
gle acting or double acting end effectors could be uti- 
lized. Also, while particular handle arrangements have 
been shown, it will be recognized that other types of han- 
dles could be used with similar results obtained. More- 
no over, while particular configurations have been dis- 
closed in reference to the clevis and the clevis bushing, 
it will be appreciated that other configurations could be 
used as well. Further, while the invention was described 
as having a clevis which is rotatable relative to the coil, 
75 it should be appreciated that some rotation of the coil 
might occur upon rotation of the clevis and the end ef- 
fectors due to friction. Such rotation of the coil, however, 
is inconsequential, as it is actually the rotation of the end 
effectors relative to the endoscope which is desired and 
20 which is accomplished by the invention. It will therefore 
be appreciated by those skilled in the art that yet other 
modifications could be made to the provided invention 
without deviating from its spirit and scope as so claimed. 
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Claims 

1. A surgical instrument comprising: 

30 a) a tube member having a proximal end and a 

distal end and a lumen extending therethrough; 
b) a torsionally rigid control member having a 
proximal end and a distal end and extending 
through said lumen of said tube member; 

35 c) an actuation means coupled to said proximal 

end of said tube member and to said proximal 
end of said control member for effecting a trans- 
lational movement of said control member rel- 
ative to said tube member, said actuation 

40 means including rotation means for effecting an 

axial rotation of said control member relative to 
said tube member; 

d) a clevis; 

e) a coupling member for rotatably coupling 
45 said clevis to the distal end of said tube mem- 
ber; and 

f) at least one end effector (1 8) coupled to said 
clevis (40) andcoupled to said distal end of said 
control member, said control member extend- 

50 ing freely through said clevis, wherein axial ro- 

tation of said control member relative to said 
tube member effects an axial rotation of said at 
least one end effector and said clevis (40) rel- 
ative to said tube member. 

55 

2. A surgical instrument according to claim 1 , wherein 
the coupling member comprises a bushing having 
a proximal end and a distal end, said proximal end 
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of said bushing being coupled to said distal end of 
said tube member, said control member extending 
freely through said clevis and said bushing, wherein 
rotation of said control member relative to said tube 
member effects a rotation of said at least one end 
effector and said clevis relative to said bushing and 
said tube member. 

3. A surgical instrument according to claim 1 or claim 
2, wherein said tube member is flexible and the con- 
trol member is a flexible pull wire (1 6). 

4. A surgical instrument according to claim 2 or 3, 
wherein said bushing (60) is a cylinder with a 
stepped inner diameter and said clevis (40) has a 
cylindrical stem (52), said bushing holding said cy- 
lindrical stem (52). 

5. A surgical instrument according to claim 4, wherein 
• a larger inner diameter portion of said bushing (60) 

covers said distal end of said tube member (1 4) and 
said cylindrical stem (52) enters a smaller inner di- 
ameter portion of said bushing (60). 

6. A surgical instrument according to claim 4 or 5, 
wherein a proximal end of said cylindrical stem (52) 
extends proximally of said smaller inner diameter 
portion and is flared. 

7. A surgical instrument according to claim 2 or 3, 
wherein said clevis (40) has a throughbore (54) with 
a stepped inner diameter and said bushing (60) has 
a cylindrical stem (52), said clevis (40) embracing 
said cylindrical stem (52). 

8. A surgical instrument according to claim 7, wherein 
said cylindrical stem (52) enters said throughbore 
(54) of said clevis (40). 
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1 to 9 ; wherein said actuation means comprises a 
handle (12) and a lever arm (90), said proximal end 
of said tube member (14) being coupled to said han- 
dle (12) and said proximal end of said control mem- 
5 ber (16) being coupled to said lever arm (90). 

1 3. A surgical instrument according to claim 1 2, where- 
in said lever arm (90) is provided with a disk (100) 
receiving slot, said rotation means comprises a 
10 knurled disk (100), and said proximal end of said 
pull wire (1 6) is coupled to said knurled disk (1 00), 
so that rotation of said knurled disk (100) rotates 
said proximal end of said control member (16). 

15 14. A surgical instrument according to claim 13, where- 
in said knurled disk (1 00) has a first bore for receiv- 
ing said proximal end of said control member (16), 
a set screw (104), and a second bore intersecting 
said first bore and containing said set screw (104) 
20 which secures said proximal end of sail control 
member (1 6) in said first radial bore. 

15. A surgical instrument according to any of claims 1 
ro 14, further comprising: 

25 

g) friction reducing means (such as fluorocar- 
bon sleeve (59) located between said bushing 
(60) and said clevis (40)) or a plurality of roller 
bearings (165) located in one said bushing (60) 
30 and/or said clevis (40) for reducing friction be- 

tween said bushing (60) and said clevis (40). 

16. A surgical instrument according to any of claims 1 
to 15, wherein said control member (16) is formed 

35 from a pair of wound filaments and is torsionally rig- 
id in one direction only, and/or wherein said at least 
one end effector (8) comprises a pair of biopsy for- 
ceps jaws. 
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30 



9. A surgical instrument according to claim 7 or 8, *o 
wherein a distal end of said cylindrical stem (52) ex- 
tends distally of said throughbore and is flared. 

10. A surgical instrument according to any preceding 
claim, wherein said actuation means comprises a 45 
slotted shaft (22) and a displaceable spool (24), 
said proximal end of said tube member (14) being 
rotatably coupled to said shaft (22) and said proxi- 
mal end of said control member (1 6) being coupled 

to said spool (24). 50 

1 1 . A surgical instrument according to claim 1 0, where- 
in said proximal end of said tube member (14) is 
coupled to said shaft (220 with a bushing (60) and 
said shaft (22) is provided with a rotatable proximal 55 
thumb ring. 

12. A surgical instrument accordingto anyone of claims 
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